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157] ABSTRACT

An 1mage processing system, which operates on an input
image data stream consisting of successive multi-level val-
ues, effecting a plurality of respectively different types of
image data processing in accordance with a plurality of
different categories of the input image data, utilizes a neural
network to assign each datum to a specific category, with
resultant output signals from the neural network being used

to select the appropriate type of image data processing for
that datum.

12 Claims, 11 Drawing Sheets
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IMAGE PROCESSING SYSTEM UTILIZING
NEURAL NETWORK FOR
DISCRIMINATION BETWEEN TEXT DATA
AND OTHER IMAGE DATA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image data processing
system for use in image processing equipment such as a
facsimile apparatus, printer, copier, eic., for the purpose of
converting multi-level image data to processed image data
such as binary data. In particular, the invention relates to a
system wherein the image data are judged as expressing
either text data or other image data such as halftone data, and

selecting the type of image processing in accordance with
the judgement results.

2. Description of the Related Art

There are some cases in which it is necessary to execute
respectively different types of image processing in accor-
dance with the contents expressed by an input image Signal,
i.e. an input image data stream consisting of successive
multi-level picture element values. In the case of a facsimile
apparatus which produces binary data to be transmitted to a
remote apparatus, a document page is scanned to obtain
successive multi-level picture eiement values. The picture
element values which correspond to text regions of the
document page are compared with a threshold value, and
converted directly to corresponding binary data. However,
picture element values corresponding to halftone regions
may be subjected to pseudo-halftone image processing, such
as dither processing, to obtain binary data which will pro-
duce a pseudo-halftone image when subsequently printed. In
such a case, it is necessary to have a capability for discrimi-
nating between text data and halftone data contained in the
image data that is obtained by scanning the original docu-
ment page, with such a function being referred to in the
following as image region judgement. Various methods
which have been proposed in the prior art for executing
image region judgement include a method based on a power
of a specific spatial frequency contained in the input image
signal, a method utilizing differences in density between
adjacent picture elements, a method based on differences
between numbers of transitions between the black and white

levels within a specific region, a method based on a fixed
area density hystogram, etc,

As a specific example of such prior art methods of image
region judgement, an image data processing system will be
described which uses the power of a specific spatial fre-
quency contained in the input image signal, referring to
FIGS. 1, 2. In FIG. 1, an input image signal is supplied to
an input terminal 1. The power of a specific spatial fre-
quency within the input image signal is derived by a Fourier
transform section 20, and supplied to a text/halftone dis-
crimination section 21, which judges (i.e. for an object
picture element value) whether the magnitude of the power
derived by the text/halftone discrimination section 21 indi-
cates that the object picture element value corresponds to a
text region or to a halftone region of the input image. A
pseudo-halftone processing section 4 executes pseudo-half-
tone processing of the input image data using a method such
as dither processing. A bi-level conversion section 6
executes bi-level conversion processing of the input image
data, and the respective processed image data outputs from
the pseudo-halftone processing section 4 and bi-level con-
version section 6 are supplied to input terminals designated
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A and B of a data selector §, which selects one of these two
types of processed image data in accordance with a decision
signal that 1S supplied to an input terminal S thereof, to be
transterred to an output terminal 7. That 1s to say, the type
of processed image data is selected in accordance with
whether 1t has been judged that the image data currently
expressed by the input image signal are from a text region
or a halftone region of an original image such as a document
page.

FIG. 2 1s a simple table showing the relationships between
the two states of the selection signal from the text/halftone
discrimination section 21 which is supplied to input terminal
S of the data selector §, and the corresponding inputs which
are selected by the data selector 5.

However with such a prior art type of image data pro-
cessing system, various problems arise in practice. A first
problem 1s that it is necessary for a human operator to decide
on the threshold value of spatial frequency (that frequency
being referred to in the following as the reference frequency)
which 1s to be utilized for discriminating between text data
and halftone data contents of the input image signal, based
on the output obtained from the Fourier transform section
20. It is difficult for a human operator to decide on a suitable
value for the reference frequency. That is due to the fact that
the appropriate value of the reference frequency will vary in
accordance with various conditions which affect the con-
version of the multi-level input image data (e.g. derived by
scanmng a document page) to binary data. The effects of
such varying conditions will be referred to as the diversity
of the input image data. For example, the operation may be
affected by actions performed by a user, such as executing
shading correction, variation of the threshold value that is
used for converting text image data to binary data, eic.
Furthermore, assuming that the input image data has been
generated by scanning a document page using an optical
scanner, then vanations in the resultant input image data
produced from the scanner can result from changes in the
degree of tilt of the document sheet while being scanned,
variations in the operating temperature of the image pro-
cessing system, the effects of dust within the scanner, etc.
Moreover 1f the scanned image contains pseudo-halftone
contents (in addition to text regions and true halftone
regions) then that will further increase the degree of diver-
sity of the input image data. It is necessary for an image data
processing system which handles such input image data to
be designed such as to be capable of executing appropriate
Image processing irrespective of such diversity of the input
image data. Hence, the design of such an image data
processing system becomes extremely difficult.

Furthermore, another problem is that the diversity of the
input tmage data is caused by a variety of different factors,
so that it 18 necessary for a human operator to perform a large
number of tests and adjustments, in order to determine a
suitable value for the reference frequency. In addition, the
design of the image data processing system becomes com-
piex, due to the need to provide capabilities for counteract-
ing all of the various effects which result in the diversity of
the input image data.

In addition, if the text/halftone discrimination section
utilizes the Fourier transform method, as in FIG. 1, so that
a decision 1s made as to whether the input image data is
currently representing a halftone region or a text region of
the 1nput 1image based on the magnitude of the power of the
reference frequency that is obtained by the Fourier transform
section, then if the reference frequency value is not appro-
priate, accurate discrimination cannot be achieved. To
attempt to ensure that accurate discrimination between text
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and halftone data can be achieved, it has been proposed to
provide a plurality of reference frequencies. However due to
the fact that the algorithm becomes complicated, designing
the image data processing system becomes even more
difficult, and the circuit scale becomes large.

There 1s therefore a requirement for an image data pro-
cessing system which can cope with considerable diversity
of the input image data supplied thereto, but which can avoid
the above problems of the prior art.

SUMMARY OF THE INVENTION

It 1s an objective of the present invention to overcome the
problems of the prior art set out above, by providing an
image data processing system which includes a neural
network that has previously undergone a suitable neural
network learning procedure. The learning procedure is
executed to enable the neural network to operate on succes-
sive input image data patterns supplied thereto (extracted
from an input image signal which is being processed by the
image data processing system) such that an output signal or
a set of output signals from the neural network can be used
to accurately decide whether the input image signal is
currently conveying text data or other data (e.g. halftone
data, or noise). The amplitude of the ouiput signal (or
signals) produced from the neural network can be compared
with a predetermined threshold value to obtain binary data,
and a judgement made as to whether text data or halftone
data are currently being supplied as the input image data, in

accordance with the state of the binary data derived from the
neural network output.

More specifically, according to a first aspect, the present
invention provides an image data processing system for
operating on a stream of input image data consisting of
successive multi-level picture element values supplied in
respective sample periods, for selectively processing the
input image data in accordance with a plurality of predeter-
mined categories of the input image data, the system com-
prising:

data array extraction means for extracting from the input

image data stream, in each of the sample periods, a set
of picture element values including an object picture
element value, the set corresponding to an array of
successively adjacent picture elements;

a plurality of image processing means each coupled to
receive the input image data stream, functioning in
each sample period to generate respective processed

image data in response to the object picture element
value;

neural network means which has been subjected to a
predetermined learning procedure, responsive to the set
of image data for judging the object picture element
value as being within a specific one of the categories,
and for producing output data indicative of the specific
category; and

data selector means controlled by the output data from the
neural neiwork means for selecting processed image
data produced from one of the plurality of image
processing means, and for outputting the selected pro-
cessed 1image data.

According to a second aspect, the invention provides an
image data processing system for operating on a stream of
input image data consisting of successive multi-level picture
element values supplied in respective sample periods, for
selectively processing the input image data in accordance
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with a plurality of predetermined categories of the, the
system comprising:

data array extraction means for extracting from the input
image data stream, in each of the sample periods, a set
ot picture element values including an object picture
element value, the set corresponding to an array of
successively adjacent picture elements;

characteristic quantity derivation means for operating on
the set of picture element values to derive a set of
characteristic quantities, the characteristic quantities
expressing respectively different parameters of the
array of successively adjacent picture elements;

a plurality of image processing means each coupled to
receive the image data stream, functioning in each
sample period to generate respective processed image
data in response to the object picture element value;

neural network means which has been subjected to a
predetermined learning procedure, responsive to the set
of characteristic quantities for judging the object pic-
ture element value as being within a specific one of the
categories, and for producing output data indicative of
the specific category; and

data selector means controlled by the output data from the
neural network means for selecting processed image
data produced from one of the plurality of image
processing means.

The characteristic quantity derivation means can for
example comprise means for calculating, as one of the
characteristic quantities, an average value of the set of
picture element values, and/or means for calculating an
average value of a subset of the set of picture element values,
the subset corresponding to a linearly successively adjacent
group of the picture elements within the array.

The 1mage data processing system may further comprise
means for delaying the output data produced from the neural
network means during each sample period, to obtain delayed
output data, and for inputting the delayed output data to the
neural network means in an immediately succeeding sample
period. Such a feature makes use of the fact that there is a
high probability that immediately successive picture ele-
ment values may fall within the same category, e.g. the
category of text image data.

Such an image data processing system may be further
supplied with operating condition data relating to an appa-
ratus operating condition which may affect the judgement
executed by the neural network, such as the operating
temperature of the image processing system, with such
operating condition data being inputted to the neural net-
work means in conjunction with the set of picture element
values, in each image data sample period.

Furthermore with such an image data processing system,
if one of the plurality of image processing means comprises
bi-level conversion means for converting the input image
data to binary data by comparing the input image data with
a variable-level threshold value, then that variable-level
threshold value can be inputted to the neural network means
in conjunction with the set of picture element values, in each
image data sampling period.

In addition, with such an image data processing system, if
one of the categories is the category “signal noise”, and the
processed image data are binary data, the system can further
comprise means responsive to output data from the neural
network indicating that the object picture element is within
the noise category, for holding a processed image data
output terminal of the image data processing system at a
fixed logic level.
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As 18 well known, a neural network can be “‘taught” to
provide an output signal (or combination of output signals)

varying in any desired arbitrary manner in response to
arbitranily determined input patterns, i.e. in response to
arbitrary combinations of input signal values. Thus, by
performing a suitable learning procedure prior to utilizing a
neural network in an image processing system, so that all of
the possible factors which can affect the determination of the
type of 1mage processing that is t0 be applied to each input
image datum (e.g. the effects of varying degress of tilt of a
document page which is scanned to provide input image
data, the effects of variations in the operating temperature of
the 1mage processing system, etc.) will be automatically
taken into account, then all of the problems of the prior art
described hereinabove can be overcome. That is to say,
design of the image processing system is simplified, it
becomes unnecessary to perform various tests and adjust-
ients 1n order to achieve satisfactory performance, and
(since Fourier transform derivation is not necessary) there is
no need to establish a reference frequency value.

Other advantages and features of the invention will be
made clear from the following description of embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a general block system diagram of an example
of a prior art type of image data processing system;

FIG. 2 is a table of switching conditions for a data selector
in the image data processing system of FIG. 1;

FIG. 3 is a general block system diagram of a first

embodiment of an image data processing system according
to the present invention;

FIG. 4 1s atable of switching conditions for a data selector
in the embodiment of FIG. 3;

FI1G. 5 shows an array of picture elements for which

respective values are applied to a neural network in the
embodiment of FIG. 3;

FIG. 6 illustrates the configuration of the neural network
in the embodiment of FIG. 3;

FIG. 7 1s a conceptual block system diagram for describ-
Ing a learning procedure which is applied to the neural
network of the embodiment of FIG. 3;

FIG. 8 is a general block system diagram of a second

embodiment of an image data processing system according
to the present invention;

FIG. 9 is a table of switching conditions for a data selector
in the embodiment of FIG. 8;

FIG. 10 shows an array of picture elements for which

respective values are applied to a neural network in the
embodiment of FIG. §;

F1G. 11 illustrates the configuration of the neural network
in the embodiment of FIG. §;

FI1G. 12 1s a conceptual block system diagram for describ-
ing a learning procedure which is applied to the neural
network of the embodiment of FIG. 8:

FIG. 13 1s a general block system diagram of a third
embodiment of an image data processing system according
to the present invention;

FIG. 14 1s a table of switching conditions for a data
selector in the embodiment of FIG. 13:

F1G. 15 shows an array of picture elements for which

respective values are applied to a neural network in the
embodiment of FIG. 13;

F1G. 16 illustrates the configuration of the neural network
in the embodiment of FIG. 13:
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FIG. 17 1s a general block system diagram of a fourth
embodiment of an image data processing system according
to the present invention;

FIG. 18 1s a table of switching conditions for a data
selector in the embodiment of FIG. 17; and

FI1G. 19 illustrates the configuration of a neural network
in the embodiment of FIG. 17.

DESCRIPTION OF PREFERRED
EMBODIMENTS

The present invention provides an image data processing
system incorporating a neural network, which operates on a
stream of multi-level input image data, with an output signal
(or combination of signals) produced from the neural net-
work being used as a basis for judging the type of input
image data that is currently being supplied, and with the type
of 1mage processing applied to the input image data being
selected in accordance with the judgement results. Specifi-
cally, the neural network is utilized to allocate each input
image datum to one of a plurality of categories, for example
a category of “text image data”, and the category “any
non-text image data”. As is well known, before utilizing a
neural network it 18 necessary to “teach” the network, using
a spectfic learming procedure, to respond in a desired manner
to vanious different types of input data which could be
supplied to it during actual operation. The effect of the
learning procedure is to alter various internal parameters of

the neural network in a direction such as to obtain the
desired type of response.

In the learning procedure, it 1S necessary to apply succes-
sive 1mput data patterns to the neural network, while com-
paring the resultant successive output values produced from
the neural network with the comresponding values of a
teaching signal. These values of the teaching signal are
predetermined as being correct in relation to the respective
input data patterns. Each input data pattern might for
example consist of a set of picture element values (e.g. for
an array of mutually adjacent picture elements, obtained
during scanmng of a page of text), together with a value of
operating temperature of the image processing system, pro-
duced from a temperature sensor. In that case the teaching
signal would be set to a predetermined value e.g. the binary
‘1’ level, and the difference between each output value
produced from the neural network in response to such an
input pattern would be compared with the corresponding
teaching signal value, and the difference between these used
to modify the parameters of the neural network, by using a
suitable aigorithm. Other input data patterns used in the
teaching procedure could be derived by scanning halftone

images. In that case, the teaching signal would be set to the
‘0 level.

Various types of algorithm are known for use in such a
neural network teaching procedure. A neural network basi-
cally consists of an input layer of elements which function
as distribution elements, one or more intermediate layers of
neuron elements, and an output layer (which may consist of
only a single neuron element). During normal use of the
neural network, each input data pattern is supplied to the
Input layer, and resultant data then propagates through the
network to the output layer, i.e. by forward propagation.
During the teaching procedure, a teaching algorithm may be
used which executes backward propagation when altering
the network parameters.

Such a teaching procedure should use a wide diversity of
different input data pattemns, reflecting as many as possible
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of the various different conditions which may affect the input
image data that will be supplied to the image data processing
system during normal operation, e.g. variations in operating
temperature, vanations in tilt of the document sheet during
scanming, etc. During the teaching procedure a sequence of
such data patterns is repetitively supplied, and the neural
network parameters accordingly adjusted successively, until
a sutficient degree of convergence of the parameter values is
achieved. The number of different conditions that are taken
into account in the teaching procedure will be determined by
the designer in accordance with the performance that is
required for the image data processing system.

Various types of neural network have been proposed in
the prior art, such as the multi-layer Perceptron network, the
LVQ network, etc. However, the present invention is not
dependent on the use of any specific configuration of neural
network. The concept of the neural network was described
by Pits and McCulloch in the 1940Q’s, as a network of
elements which modelled the neurons of the brain. Various
information concerning teaching procedures for neural net-
works 1s provided in “Parallel Distributed Processing” by
Rumelhart D. E., McClelland J. L. and PDP Research
Group, M.ILT. Press, 1986.

The s1ze of the neural network is partly determined by the
number of elements constituting the input layer, from which
various outputs branch to the first intermediate layer of
neuron elements of the network. The number of elements of
the input layer is determined by the amount of information
contained in each data pattern which will be supplied to the
neural network. The neural network is used to classify each
input data pattern into one of a plurality of predetermined
categories (e.g. the categories of text data and non-text data).
The number of categories which must be judged determines
the number of neuron elements constituting the output layer
of the network. If there are only two categories then only a
single output neuron is required, if there are three categories
then the output layer would consist of two neuron elements,
and so on.

With the present invention, an object picture element
value (1.e. the picture element value, from the input image
signal, which is currently to be processed by the image data
processing system) is situated within an array of picture
element values which are being supplied as part of the input
data pattern to the neural network, so that the output signal
from the neural network can be used to judge whether the

object picture element should be processed as text data or as
halftone data.

By using a neural network in an image data processing
system, the various problems of the prior art described above
can be overcome. That is to say, by utilizing a sufficient
diversity of image data derivation conditions to obtain the
input data used in the teaching procedure, it becomes
unnecessary for a designer to design an image data process-
ing system such as to take into account the diversity of
image data that will occur during normal operation. In
addition, 1t is unnecessary for testing and adjustment to be
performed in order to obtain a desired level of performance
for the image data processing system, so that the first and
second problems described hereinabove are overcome.

Moreover, discrimination between input text data and
halftone data can be easily achieved, e.g. by executing a
teaching procedure whereby, during actual use of the neural
network, a relatively high-amplitude output signal will be
produced from the output layer of the neural network in
response to input of text data, and a relatively low-amplitude
output signal produced in response to output of halftone
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data. After completing such a teaching procedure, discrimi-
nation between text and halftone data can be very easily
achieved simply by comparing the output signal (or plurality
of output signals) from the neural network with a suitable
threshold value, to obtain corresponding binary data.

FIG. 3 1s a general block system diagram of a first
embodiment of an image data processing system according
to the present invention, and FIG. 4 is a table which
1llustrates the operation of a switching circuit in FIG. 3. In
F1G. 3, a data array extraction section 9 receives a stream of
input image data which are applied to an input terminal 1,
and supplies successive sets of extracted data to a neural
network 2. An output signal O, produced from the neural
network 2 is converted to binary data by a simple bi-level
conversion section 3, to obtain a switching control signal
which controls a data selector 5. The input image data are
also supplied to a pseudo-halftone processing section 4, and
to a bi-level conversion section 6. Output signals from the
pseudo-halftone processing section bi-level conversion sec-
tion 6 are supplied to the data selector 5.

The input image data consist of successive picture ele-
ment values, which are supplied to the input terminal 1 in
respective sample periods. The picture element values are
multi-level values, and it will be assumed that these have
been derived by scanning of a document page by an optical
scannter, however the picture element values could be
derived from other sources. Successive multi-level values
representing equipment operating temperature values,
derived by a temperature sensor, are supplied as a tempera-
ture indication signal to an input terminal 10. Here it is
assumed that a single temperature indication signal is used
which, for example, indicates the operating temperature of
the 1mage processing system. The data array extraction
section 9 extracts from the input image data, during each
sample period, a set of picture element values which are
inputted 1n parallel to the neural network 2, together with the
temperature signal values from input terminal 10. That set of
picture element values corresponds to an array of 15 picture
elements, which are shown in FIG. 5, designated as ‘a’ to ‘0’,
1.e. 3 sets of 5 successively adjacent picture elements, of
three successive scan lines. Circuits for performing such an
array extraction function are well known in the art, i.e. to in
effect form a scanning window with respect to the original
image, with that window being moved by one picture
element position or one scan line in each sample period. For
that reason, description of the data array extraction section
9 will be omitted.

The output signal O, produced from the neural network 2
vartes within a fixed range of values, whose upper limit
corresponds to the binary ‘1’ level and whose lower limit
corresponds to binary ‘0. The output signal O, is compared
with a fixed threshold value in the bi-level conversion
section 3 (which will be referred to as a “simple bi-level
conversion section”’, to distinguish it from a conversion
section which utilizes a variable threshold value), to be
converted to binary data, functioning as a switching control
signal Sc. That switching control signal is applied to a
control input S of the data selector 5.

The pseudo-halftone processing section 4 processes the
input image data to obtain pseudo-halftone data, which are
suppiied to an input A of the data selector 5. The pseudo-
halftone processing section 4 utilizes a known type of
method such as the error diffusion method or the dither
method, for processing the input image data.

The bi-level conversion section 6 compares the input
image data with a threshold value, (which may be a variable
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value, for example which may be adjustable by the user of
the 1mage data processing system) to convert the multi-level
mput 1mage data to corresponding binary image data. The
resultant binary image data are supplied to an input terminal
B of the data selector S.

Although not shown in FIG. 3 for simplicity of descrip-
tion, respective delay elements are provided in the path
between the input terminal 1 via the bi-level conversion
section 6 to the B input terminal of the data selector 5, and
in the path between the input terminal 1, via the pseudo-
halftone processing section 4 to the A input terminal of the
data selector 5. These delay clements provide respective

degrees of delay such as to ensure that the switching
operations of the data selector § are synchronized with the
processed data produced from the pseudo-halftone process-
ing section 4 and from the bi-level conversion section 6, i.e.
to ensure that when a decision is made by the neural network
concerning an object picture element value, the processed
image data corresponding to that object picture element are

being respectively inpuited to the A and B terminals of the
data selector 5.

‘The data selector 5 transfers either the output data from
the pseudo-halftone processing section 4 or the data from the
bi-level conversion section 6 to an output terminal Y thereof,
and hence to an output terminal 7 of the image data
processing system, in accordance with the state of the
switching control signal Sc, as illustrated in the table of FIG.

4. As shown, when the output signal O, from the neural
network 2 1s close to the logic 1 level so that the signal Sc

1s at the logic 1 level, indicating that the object picture
element (1.e. the picture element for which an output value
1s currently being produced {rom the bi-level conversion
section 6) 18 part of a text region, then the output data from
the bi-level conversion section 6 are selected to be trans-
ferred by the data selector 5. However when the output
signal O, of the neural network 2 is close to the logic 0 level
so that the signal Sc is at the logic O level, indicating that the
object picture element is not part of a text region, then the
output data from the pseudo-halftone processing section 4
are selected to be transferred by the data selector 5 to the
output terminal 7. In that way, text region image data and
halftone picture region image data will be respectively
appropnately processed, and the accuracy of discrimination
between text and non-text image data by the neural network
will be unaffected by changes in operating temperature.

The configuration and operation of the neural network 2
will be described referring to FIGS. 6 and 7. FIG. 6 shows
a suitable configuration for the neural network 2, which can
be of a type such as the multi-layer Perceptron, although
other types of neural network can be egually utilized. The
neural network 1s formed of elements each represented by a
circle, which are arranged as shown, as an input layer, an
intermediate layer and an output layer. The respective pic-
ture element values of the picture element array shown in
FIG. § are inputted to the elements of the input layer, these
values being designatedas V_, V,, ... V_respectively, while
the temperature signal value (designated as V.) from the
input terminal 10 of FIG. 3 is also applied to an element of
the input layer. Each element of the input layer distributes
the input signal value applied thereto, to produce a plurality
of output values. Each of these output values is multiplied by
a specific weighting coefficient, and the resulted weighted
signal values are supplied to the neuron elements which
constifute the intermediate layer of the neural network, as
shown. Each neuron element produces an output value
which varies, with respect to the sum of the weighted input
values supplied thereto, in accordance with a non-linear
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function such as a sigmoid function. The resultant output
values from the neuron elements of the intermediate layer

are multiplied by respective weighting coefficients, and the
resultant values are inputted to a single neuron element
which constitutes the output layer of the neural network of

this embodiment. That output neuron element functions in
the same manner as described for the neuron elements of the
intermediate layer, to obtain an output value O, that is
determined in accordance with the pattern of input signal
values V, V_, V,, ...V, and the weighting coefficients that
have been established beforehand for the neural network
during a teaching procedure.

Betfore using the neural network of FIG. 6 in the image
data processing system of FIG. 3, a neural network learning
procedure must be performed as described hereinabove,
whereby the respective values of the weighting coefficients
of the neural network become adjusted to values such that
the output signal O, from the neural network will be close
to the logic ‘1’ level when the combination of input signal
values to the neural network indicate that the object picture
element is part of a text region, and will be close to the logic
‘0’ level otherwise. FIG. 7 is a block system diagram for
illustrating the learning procedure. A teaching data generat-
ing section 50 functions to successively generate combina-
tions of input signal values for the neural network 2 (each
combination representing a set of 15 picture element values
and a temperature indication signal value, corresponding to
the signal values V, to V_, and V., of FIG. 6), these input
signal values being referred to as the learning input data,
together with corresponding successive values of a teaching
signal. When such an input signal combination is predeter-
mined such that the object picture element value (i.e. the
value V,, of the set of input values V_ to V, in FIG. 6)
corresponds to a text picture element, then the teaching
signal is set to the logic ‘1’ level. The output signal O,
obtained from the neural network at that time is compared
with the teaching signal, and the difference between these
(1.e. amount of error) is supplied to a coefficient adjustment
processing section 52, which operates in accordance with a
suitable algorithm to generate signals for effecting adjust-
ment of values of weighting coefficients within the neural
network 2 in a direction that will tend to reduce the amount
of error. On the other hand, if the learning input data
corresponds to data other than text data, then the teaching
signal value 1s set at logic ‘0’. That process is then repeated
for a new set of learning input data and a corresponding new
value of the teaching signal, and so on in succession. These
operations are cyclically performed until a sufficient degree
of convergence 1s reached for the weighting coefficients of
the network, for each of various different sets of learning
input data, which correspond to various different conditions
of generating the input image data (e.g. varying degrees of
tilt of a document page which is scanned to generate the
image data), and different conditions under which the image
data processing system would operate, e.g. various values of
operating temperature of the system, as expressed by respec-
tively different values of the temperature indication value
V.

Although the above embodiment has been described for
the case m which signal values expressing an apparatus
operating temperature are inputted to the neural network, it
would be equally possible to supply signal values to the
neural network which express some other Gperaung condi-
tion of the system, whose variation may have an effect upon

discrimination between text image data and non-text image
data.

A second embodiment of an image data processing system
according to the present invention will be described refer-
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ring to FIGS. 8,9, 10, 11. The functions and operation of this
embodiment are similar to those of the first embodiment
described above, so that only the points of difference will be
described in detail. In FIG. 8, as in the first embodiment,
successive input image data values are applied to an input
terminal 1, to be transferred to a pseudo-halftone processing
section 4 and to a bi-level conversion section 6, and are also
supplied to a data array extraction section 9 which extracts
successive sets of picture element values from the input
image data, each set corresponding to an object picture
element (h) and adjacent surrounding picture elements of an
original image as illustrated in FIG. 10, with each extracted
set of picture element values being inputted to a neural
network. However in this embodiment, the neural network
12 produces three output signals, designated as O,, O, and
O, from respective output terminals X, Y and Z. In addttlon
the value of the threshold value which is currently being

utilized within the bi-level conversion section 6, for con-
verting the input image data to binary signal form, is
supplied via an input terminal 11 to an input of the neural
network 12. The neural network 12 functions such that, if the
object picture element value is judged to be a text image
datum, then the output signal O, becomes close to the ‘1’
level, while both the output 51gnals O, and O, become close
to the ‘0’ level. If the object picture element value 1s judged
to be a non-text image datum, such as a halftone image
datum, then the output signal 0 becomes close to the ‘1’
level, while both the output 31gna]s O, and O, become close
to the “(F level. If the object picture element value 1S judged
to be signal noise, then the output signal O, becomes close
to the ‘1’ level, while both the output mgnals O, and O,

become close to the ‘0’ level.

The output signals O,, O, and O, from the neural network
12 are supplied to a smlple bi- level conversion section 13,
to be converted to respective binary signals B, B, and B..
The signals B, and B, are applied as sw1tch1ng control
signals to a data selector 14. The data selector 14 selects the
processed data from either the pseudo-halftone processing
section 4 or the bi-level conversion section 6 to be trans-
ferred, via input terminals A, B and an output terminal Y, to
one input of an AND gate 17 within a gating section 15. The
_signal B, is inverted and applied to the other input of the
AND gate 17, to control transfer of the selected data from
the data selector 14 to the output terminal 7 of the image data
processing system.

The relationship between the states of the control signals
B,. B, and the selection operation of the data selector 14 is
shown in the table of FIG. 9. As shown, the data selector 14
is controlled such that the processed image data from the
bi-level conversion section 6 will be transferred to the AND
gate 17 only under the condition that signals B_ and B, are
respectively ‘1’ and ‘0’. Otherwise, the output data from the
pseudo-halftone processing section 4 are selected.

Thus with this embodiment, if the object picture element
1s within a text region, the output data from the bi-level
conversion section 6 are selected to be transferred through
the AND gate 17 to output terminal 7, since the signal B, will
be at the '0 level (so that AND gate 17 is enabled). Stmﬂarly,
if the object picture element is within a halftone region, the
output data from the pseudo-halftone processing section 4
are selected to be transferred through the AND gate 17 to
output termunal 7. However if the object picture element
value 1s actually noise, so that signal B, goes to the ‘1’ level,

then the output data supplied to terminal 7 will be fixed at
the ‘0’ level.

Furthermore, the accuracy of discrimination between
halftone image data, text image data, and noise, by the
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neural network 12, will not be affected by changes in the
threshold value at which the bi-level conversion section 6 is
operating, since that threshold value is inputted as a variable
to the neural network.

An example of the confi guration of the neural network 12
of this embodiment is shown in FIG. 11. This differs from
the neural network of the first embodiment in that the output
layer is formed of three neuron elements, which respectively
produce the aforementioned output signals O_, O, and O,. In
addition, the threshold value that is currently utlhzed within
the bi-level conversion section 6 is applied, as signal value
V., to one element of the neural network input layer.

The learning procedure which must be executed for the
neural network 12 of this embodiment prior to actual opera-
tion will be described referring to FIG. 12. In this case, since
there are three output signals produced from the neural
network, it is necessary to compare these with three corre-
sponding teaching signals T, , I, and T, which are produced
from the teachmg data generatmg sectton 50'. The learning
procedure 1s executed in a similar manner to that described
above for the first embodiment, with successive combina-
tions of 16 signal values being generated by the teaching
data generating section 50’ and supplied to the input layer of
the neural network 12. However each combination of leamn-
ing 1nput data consists of a value of threshold value for the
bi-level conversion section 6, together with a set of 15 image
data values, corresponding to the signal values V,, and Va to
Vo shown in FIG. 11. As each learning input data combi-
nation is supplied to the neural network, the neural network
output signal O, 18 compared with the teaching signal T,
output signal 0 18 compared with the teaching signal T
and output mgnal O, 1s compared with the teaching signal T
The results of these comparisons, i.e. three error values, are
supplied to a coefficient adjustment processing section 52,
which generates weighting coefficient adjustment data that
are supplied to the neural network 12, for adjusting the
weighting coefficients of the network in a direction tending
to reduce the amounts of error. That is to say, when a
learning input data combination is supplied to the neural
network 12 in which the object picture element value is a
text image datum, then the teaching signal T is set at the ‘1’
level, and the signals T,, T, each set at the ‘0’ level. When
a learning input data combination is supplied to the neural
network 12 in which the object picture element value is a
halftone image datum, then the teaching signal T, 1s set at
the *1° level, and the signals T,, T, each set at the ‘0’ level.
When a learning input data cembtnatlon 1s supplied to the
neural network 12 in which the object picture element value
1s a noise value, then the teaching signal T, is set at the ‘1’
level, and the signals T,, T, each set at the ‘0’ level.

In the above description of the second embodiment, the
threshold value signal V ,, is supplied to the input layer of the
neural network, together with the signal values from the data
array extraction section 9. However it would be possible in
addition to supply an apparatus temperature indication sig-

nal to the input layer of the neural network, as in the first
embodiment.

A third embodiment of an image data processing system
according to the present invention will be described refer-
ring to FIGS. 13, 14, 15, 16. The functions and operation of
this embodiment are basically similar to those of the first
embodiment described above, so that only the points of
difference will be described in detail. As for the first embodi-
ment, an input image data stream is supplied via an input
termunal 1, to a pseudo-halftone processing section 4 and a
bi-level conversion section 6, with resultant processed
image data from either the pseudo-halftone processing sec-
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tion 4 or the bi-level conversion section 6 being selected to
be transierred to an output terminal 7, under the control of
a signal obtained by bi-level conversion of the output signal
from a neural network 17, by a simple bi-level conversion
section 3. The essential point of difference is that the third
embodiment 1s provided with a characteristic quantity deri-
vation section 16, which derives various characteristic quan-
tities from a set of picture element values that are extracted
from the input image data stream by a data array extraction
section 9', i.e. a set of picture element values including the
object picture element and adjacent picture element values,
corresponding to the array of 9 picture elements shown in
F1G. 15. In FIG. 15, the picture element array consists of
three adjacent rows, made up of picture elements which are
designated a, b, c, . . . 1, with picture element e being the
object picture element. The respectively corresponding 9
picture element values contained in the input image data
supplied to input terminal 1 will be designatedas V_,V,, V_,

.V,

.

In this embodiment, the characteristic quantity derivation
section 16 derives, for each array of picture element values
exiracted by the data array extraction section 9', a corre-
sponding set of 14 characteristic quantities which will be

designated as Q, to Q,5. These characteristic quantities are
respectively derived in the characteristic quantity derivation

section 16 by executing the following computations, in
which the “x-direction” and “y-direction” respectively refer

to the horizontal and vertical directions of the picture
clement array:

(1) Average level of image signal:

Ve Vp+ Vet Vg+ Ve + Vit Vo + Vi + V;

(o 5

(2) Average level of image signal along x-direction:

Q1 ;

(3) Average level of image signal along y-direction:

85) .

(4) Average level of image signal along oblique direction:

“VH-E-VE-E-V;'

03 ;

(5) Differential values of image signal along 8 directions:
Qs=V,-V,
Qs=Vy—V,
Q=V -V,
Qs=V -V,
Q::F*Vf‘ve
Oro=VeVe
=iV,

lezvf_ve

(6) Value of object picture element, in image signal:

Q IBZVE
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Although with this embodiment the above 13 character-
istic quantities are utilized, it would be equally possible to
use only some of these characteristic quantities, or to envis-
age other characteristic quantities which could be used.

These characteristic quantities, together with a tempera-
ture indication signal value which is supplied to the input
terminal 10 (as for the first embodiment described above)
are applied to the input layer of the neural network 17. The
neural network 17 functions such as to produce an output
signal O, which 1s close to the ‘1’ level if the combination
of input values applied to the input layer indicates that the
object picture element is part of a text region, and otherwise
to produce the output signal O, at a value close to the ‘0’
level.

FiG. 16 shows the configuration of the neural network 17.
'This 1s similar to the neural network of the first embodiment,
and differs only in that the characteristic quantities V,to V, .
(and the temperature indication value V,) are respectively
supplied to the elements which constitute the input layer of
the neural network.

The operation of this embodiment is similar to that of the
first embodiment described above, with the data selector 5

being controlled by the output signal from the simple
bi-level conversion section 3 as shown in the table of FIG.

14. During each sample period of the input image data, if the
neural network judges (based on the the combination of
states of the set of characteristic quantities produced from
the data array exiraction section 9' and the temperature
indication value supplied in that period) that the object
picture element 18 within a text region of the source image,
then the output signal O, of the neural network becomes
close to the ‘1’ level, while otherwise the signal O_becomes
close to the ‘0’ level. Corresponding binary values are
produced from the simple bi-level conversion section 3, to
be supplied as a switching control signal to the S input of the
data selector 5. In that way, the output data from either the
pseudo-halftone processing section 4 or from the bi-level
conversion section 6 are appropriately selected to be trans-
ferred by the data selector 5 to the output terminal 7.

The learning procedure for the neural network 17 of this
embodiment is similar to that described above for the first
embodiment of the invention, referring to FIG. 7. However
with the third embodiment, each combination of signal
values produced from the teaching data generating section
50, constituting learning input data for the neural network
17, will represent either a set of characteristic quantities and
a temperature indication value which correspond to the case
in which the object picture element is part of a text image
region, in which case the corresponding value of the teach-
ing signal is set to the ‘1’ level, or a set of characteristic
quantities and a temperature indication value which corre-
spond to the case in which the object picture element is not
part of a text image region, e.g. is part of a halftone image
region, in which case the teaching signal is set at the ‘0’
level. Apart from that point, the learning procedure is
executed in the same way as described for the first embodi-
ment.

A fourth embodiment of an image data processing system
according to the present invention will be described refer-
ring to FIGS. 17, 18 and 19. The functions and operation of
this embodiment are basically similar to those of the first
embodiment described above, so that only the points of
difference will be described in detail. As for the first embodi-
ment, input image data are supplied via an input terminal 1
to a pseudo-halftone processing section 4 and a bi-level
conversion section 6, with resultant processed image data
from either the pseudo-halftone processing section 4 or the
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bi-level conversion section 6 being selected to be transferred
to an output terminal 7, under the control of a binary signal
which is obtained by a simple bi-level conversion section 3
which operates on the output signal from an neural network
18. The essential point of difference between this embodi-
ment and the first embodiment is based on the fact that with
the first embodiment, when the neural network has assigned
the object picture element to a specific category during one
image signal period (e.g. the category “text image data”)
then there is a high probability that the succeeding picture
element (i.e. the object picture element during the next
image signal period) will fall into the same category. That is
to say, there is a high probability of occurrence of a run of
successive picture element values which fall into the same
category. For that reason, with the fourth embodiment, the
output signal value derived for the preceding object picture
element is fed back to the neural network, i.e. is delayed by
an appropriate amount, and the delayed value applied to the
input layer of the neural network. Improved performance
can thereby be attained for the neural network.

Thus, as shown in FIG. 17, the output signal O, from the
neural network 18 of this embodiment is supplied not only
to the simple bi-level conversion section 3 but also to a delay
section 19, which produces an amount of delay t, that is
expressed as:

t~{(limage data period)~(forward propagation delay through
neural network)}

The data selector 5 of this embodiment is controlled in the
same way as for the first embodiment, as shown by the table
of FIG. 18. The array of picture elements extracted from the
Input image data by the data array extraction section 9 of this
embodiment is the same as that of the first embodiment.

The configuration of the neural network 18, as shown in
FIG. 19, differs from the neural network of the first embodi-
ment only in that the delayed output signal O,' produced
irom the delay section 19 is applied to one of the elements
constituting the input layer.

It will be understood that various modifications to the
above embodiments could be envisaged, which fall within
the scope claimed for the present invention. For example, by
providing a suitable number of elements as the input layer of
the neural network 18 and using a suitable neural network
learning procedure, the above embodiment could be modi-
fied by also inputting to the neural network a signal indica-
tive of a condition of generating the input image data, such
as the temperature indication signal V.. of the first embodi-
ment, and/or by inputting to the neural network the threshold
value V,, of the second embodiment, and to configure the
embodiment such as to clamp the output terminal 7 at one
binary logic level when it is judged by the neural network
that the object picture element value falls within the cat-
egory of noise, as is done in the second embodiment. Hence,
the above description of specific embodiments should be
taken in a descriptive and not in a limiting sense.

What is claimed is:

1. An image data processing system for operating on a
stream of input image data including successive multi-level
picture element values supplied in respective sample peri-
ods, for selectively processing said input image data in
accordance with a plurality of predetermined categories of
said input image data, the system comprising:

data array extraction means for extracting from said input
1mage data stream, in each of said sample periods, a set
of picture element values including an object picture
element value, said set corresponding to an array of
successively adjacent picture elements;
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characteristic quantity derivation means for operating on
said set of picture element values to derive a set of
characteristic quantities, said characteristic quantities
expressing respectively different parameters of said
array of successively adjacent picture elements:;

a plurality of image processing means each coupled to
recelve said image data stream, functioning in each of
said sample periods to generate respective processed

image data in response to said object picture element
value;

neural network means which has been subjected to a
predetermined learning procedure, responsive to said
set of characteristic quantities for judging said object

picture element value as being within a specific one of
said categories, and for producing output data indica-
tive of said specific category; and

data selector means controlled by said output data from
saild neural network means for selecting processed
image data produced from one of said plurality of
image processing means.

2. An image data processing system according to claim 1,
wherein said characteristic quantity derivation means com-
prises means for calculating, as one of said characteristic
quantities, an average value of said set of picture element
values.

3. An image data processing system according to claim 1,
wherein said characteristic quantity derivation means com-
prises means for calculating, as one of said characteristic
quantities, an average value of a subset of said set of picture
element values, said subset corresponding to a linearly
successively adjacent group of said picture elements within
said array.

4. An image data processing system according to claim 1,
further comprising means for delaying said output data
produced from said neural network means during said each
sample period, to obtain delayed output data, and for input-
ting said delayed output data to said neural network means
in an immediately succeeding sample period.

5. An image data processing system according to claim 1,
wherein said image data processing system is further sup-
plied with operating condition data relating to an apparatus
operating condition which affects said judgement executed
by said neural network, and wherein said operating condi-
tion data are inputted to said neural network in conjunction
with said set of characteristic quantities.

6. An image data processing system according to claim 1,
wherein one of said plurality of image processing means
comprises bi-level conversion means for converting said
input image data to binary data by comparing said input
image data with a variable-level threshold value, and
wherein said variable-level threshold value is inputted to
said neural network means in conjunction with said set of
characteristic quantities.

7. An 1mage data processing system according to claim 1
wherein one of said categories is a signal noise category and
wherein said processed image data are binary data, and
further comprising means (15) responsive to output data
from said neural network indicating that said object picture
element is within said signal noise category, for holding a
processed 1mage data output terminal (7) of said image data
processing system at a fixed logic level.

8. An image data processing system according to claim 1,
wherein one of said plurality of image processing means
comprises bi-level conversion means for converting said
input image data to binary data by comparing said input
image data with a variable-level threshold value, and
wherein said variable-level threshold value is inputted to
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said neural network means in conjunction with said set of
picture element values.

9. An 1mage data processing system for operafing on a
stream of input image data including successive multi-level
picture eiement values supplied in respective sample peri-
ods, tor selectively processing said mmput image data in
accordance with a plurality of predetermined categories of
said 1mput 1mage data, the system comprising:

data array extraction means for extracting from said 1nput
1mage data stream, in each of said sample periods, a set
of picture element values including an object picture
element value, said set corresponding to an array of
successively adjacent picture elements;

a plurality of 1mage processing means each coupled to
receive said input image data stream, functioning in
each of said sample periods to generate respective

processed 1mage data 1n response to said object picture
element value;

neural network means which has been subjected to a
predetermined leamning procedure, responsive to said
set of picture element values for judging said object
picture element value as being within a specific one of

said categories, and for producing output data indica-
tive of said specific category; and

data selector means controlled by said output data from
said neural network means for selecting processed
1mage data produced from one oif said plurality of
image processing means, and for outputting said
selected processed 1mage data,

further comprising means for delaying said output data
produced from said neural network means during said
each sample period, to obtain delayed output data, and
for inputting said delayed output data to said neural
network means 1n an immediately succeeding sample
period.

10. An image data processing system for operating on a
stream of input image data including successive multi-level
picture element values supplied in respective sample peri-
ods, for selectively processing said input image data in
accordance with a plurality of predetermined categories of
said input image data, the system comprising:

data array extraction means for extracting from said input
image data stream, in each of said sample periods, a set
of picture element values including an object picture
element value, said set corresponding to an array of
successively adjacent picture elements;

a plurality of image processing means each coupled to
receive said input image data stream, functioning in
each of said sample periods to generate respective

processed image data in response to said object picture
element value;

neural network means which has been subjected to a
predetermined learning procedure, responsive to said
set of picture element values for judging said object
picture element value as being within a specific one of
said categories, and for producing output data indica-
tive of said specific category; and

data selector means controlled by said output data from
said neural network means for selecting processed
image data produced from one of said plurality of
image processing means, and for outputting said
selected processed image data,

wherein one of said plurality of image processing means
comprises bi-level conversion means for converting
said 1nput 1mage data to binary data by comparing said
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input image data with a variable-level threshold value,
and wherein said variable-level threshold value 1s
inputted to said neural network means in conjunction
with said set of picture element values.

11. An image data processing system for operating on a
stream of input 1image data including successive multi-level
picture element values suppiied in respective sample peri-
ods, for selectively processing said input image data in
accordance with a plurality of predetermined categories of
said 1mput image data, the system comprising:

data array extraction means for extracting from said input

image data stream, in each of said sample periods, a set
of picture element values including an object picture

element value, said set corresponding to an array of
successively adjacent picture elements;

a plurality of 1mage processing means each coupled to
receive said input image data stream, functioming in
each of said sample periods to generate respective

processed image data in response to said object picture
eiement value;

neural network means which has been subjected to a
predetermined learning procedure, responsive to said
set of picture element values for judging said object
picture element value as being within a specific one of
said categories, and for producing output data indica-
tive of said specific category; and

data selector means controlied by said output data from
said neural network means for selecting processed
image data produced from one of said plurality of
image processing means, and for outputting said
selected processed image data,

wherein one of said categories 1s a signal noise category
and wherein said processed image data are binary data,

and further comprising means (15) responsive to output
data from said neural network indicating that said
object picture element is within said signal noise cat-
egory, for holding a processed image data output ter-
minal (7) of said image data processing system at a
fixed logic level.

12. An image data processing system for operating on a
siream of input image data representing an image and
including successive multi-level picture element values sup-
plied in respective sample periods and representing succes-
sive portions of said 1mage to be transmitted, for selectively
processing said input image data in accordance with at least
first and second predetermined categories of said 1nput
image data, said first category identifying data expressing a
picture region of an image and said second category iden-
tifying data expressing a region of printed characters of an
image, the system comprising;

data array extraction means for extracting from said input

image data stream, in each said sample period, a
respective set of picture element values including a
respective object picture element value, said respective

set of picture element values corresponding {0 an array
of successively adjacent picture elements;

characteristic quantity derivation means for operating on
said set of picture element values to derive by arith-
metic calculations, in each said sample period, a
respective set of characteristic quantities expressing
respectively different parameters ot said array of suc-
cessively adjacent picture elements;

a plurality of image processing means each coupled to
receive said input image data stream, functioning in
said each sample period to generate respective pro-
cessed image data 1n response to said respective object
picture element value;
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neural network means which has been subjected to a data selector means controlled by said output data from
predetermined learning procedure, responsive in each said neural network means for selecting, in each said
said sample period to said respective set of character- sample period, processed image data produced from a
1stic quantities for judging each said object picture respectively corresponding one of said plurality of
element value as being within a respective one of said 5 image processing means corresponding to said respec-
first and second categories and for producing, in each five category.

said sample period, output data indicative of said
respective one of said categories; and | I
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